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Abstract: Guidance for the installation and installation design of valve-regulated lead-acid 
(VRLA) batteries is provided in this recommended practice. This recommended practice is 
intended for all standby stationary installations. However, specific applications, such as 
emergency lighting units and semi-portable equipment, may have other appropriate practices and 
are beyond the scope of this recommended practice. Alternative energy applications are not 
covered. 
 
Keywords: acceptance test, battery capacity, battery installation, battery installation design, 
battery maintenance, battery terminal voltage, battery testing, connection resistance 
measurements, float voltage, IEEE 1187™, internal ohmic measurements, standby power 
applications, valve-regulated lead-acid battery 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE. 
While IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the 
soundness of any judgments contained in its standards. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 
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Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 

Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied on as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and 
Standards Coordinating Committees are not able to provide an instant response to comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

Secretary, IEEE-SA Standards Board  
445 Hoes Lane  
Piscataway, NJ 08854 USA 

Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 
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Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 

Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although 
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to 
determine that they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
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Introduction 

This introduction is not part of IEEE Std 1187-2013, IEEE Recommended Practice for Installation Design and 
Installation of Valve-Regulated Lead-Acid Batteries for Stationary Applications. 

Guidance for the installation and installation design of valve-regulated lead-acid (VRLA) batteries is 
provided in this recommended practice. This recommended practice is intended for all standby stationary 
installations. However, specific applications, such as emergency lighting units and semi-portable 
equipment, may have other appropriate practices and are beyond the scope of this recommended practice. 
Alternative energy applications are not covered. 
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IEEE Recommended Practice for Installation Design and Installation of 

Valve-Regulated Lead-Acid Storage Batteries for Stationary Applications 

 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 

environmental protection, or ensure against interference with or from other devices or networks. 

Implementers of IEEE Standards documents are responsible for determining and complying with all 

appropriate safety, security, environmental, health, and interference protection practices and all 

applicable laws and regulations. 

 

This IEEE document is made available for use subject to important notices and legal 

disclaimers. These notices and disclaimers appear in all publications containing this document and 

may be found under the heading “Important Notice” or “Important Notices and Disclaimers 

Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

 

 

1. Overview 

 

1.1 Scope 

 

This recommended practice provides recommended design practices and procedures for storage, 

location, mounting, ventilation, instrumentation, preassembly, assembly, and charging of valve-

regulated lead-acid (VRLA) storage batteries. Required safety practices are also included. This 

recommended practice is applicable to float-service stationary installations. 

 

This recommended practice also contains six several informative annexes. These provide additional 

tutorial information relating to topics introduced in the body of the document.  
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Battery sizing, maintenance, capacity testing, charging equipment, battery protection, and 

consideration of other types of batteries monitoring are beyond the scope of this recommended 

practice. Alternative energy applications are also beyond the scope of this recommended practice. 

 

The portions of this recommended practice that specifically relate to personnel safety are mandatory 

instructions and are designated by the word shall; all other portions are recommended practices and 

are designated by the word should. 

 

  

1.2 Purpose 

 

The purpose of this document is to recommend proper installation and design procedures for 

users of VRLA batteries, including, but not limited to, engineers, installers, and integrators. 

 

 

2. Normative references 

 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used; therefore, each referenced document is cited in text and its 

relationship to this document is explained). For dated references, only the edition cited applies. For 

undated references, the latest edition of the referenced document (including any amendments or 

corrigenda) applies. 

 

This recommended practice shall be used in conjunction with the following publications: 

 

ANSI 358.1, American National Standard for Emergency Eyewash and Shower Equipment.
1
 

 

 

1 
ANSI publications are available from the American National Standards Institute (http://www.ansi.org/). 
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ASTM F1505, Standard Specification for Insulated and Insulating Hand Tools
2
 

 

IEEE Std 485™,-1997, IEEE Recommended Practice for Sizing Lead-Acid Batteries for Generating 

Stations and Substations. Stationary Applications3,4 

 

IEEE Std 1188-1996™, IEEE Recommended Practice for Maintenance, Testing, and Replacement 

of Valve- Regulated Lead-Acid Storage(VRLA) Batteries for Stationary Applications. 

 

IEEE Std 1189-1996™, IEEE Guide for Selection of Valve-Regulated Lead-Acid (VRLA) Batteries for 

Stationary Applications. 

 

IEEE Std 1375-1998™, IEEE Guide for the Protection of Stationary Battery Systems.  

 

IEEE Std 1491™, IEEE Guide for Selection and Use of Battery Monitoring Equipment in 

Stationary Applications. 

 

IEEE Std 1657™, IEEE Recommended Practice for Personnel Qualifications for Installation and 

Maintenance of Stationary Batteries. 

 

 

 

 

 

2 
ASTM publications are available from the American Society for Testing and Materials (http://www.astm.org/). 

 

3 IEEE publications are available from The Institute of Electrical and Electronics Engineers 445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331, USA (http://standardsshop.ieee.org/). 

 

4 The IEEE standards or products referred to in this clause 2 are trademarks of The Institute of Electrical and Electronics Engineers, 

Inc. 
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IEEE Std 1635™/ASHRAE Guideline 21, IEEE/ASHRAE Guide for the Ventilation and Thermal 

Management of Batteries for Stationary Applications
5
 

 

NFPA 70-1999, National Electrical Code® (NEC®).
6, 7

 

 

NFPA 70E®, Standard for Electrical Safety in the Workplace.
8 

 

IEEE Std 946TM-1992, IEEE Recommended Practice for the Design of DC Auxiliary Power Systems 

for Generating Stations. 

 

IEEE Std 1184TM-1994, IEEE Guide for the Selection and Sizing of Batteries for Uninterruptable 

Power Systems.
 

 

 

 

 

 

 

 

5 
This joint IEEE/ASHRAE publication is also available from the American Society of Heating, Refrigerating and Air 

Conditioning Engineers (http://www.ashrae.org/). 

 

6 
National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc. 

 

7 
The NEC is published by the National Fire Protection Association (http://www.nfpa.org/). Copies are also available from 

The Institute of Electrical and Electronics Engineers (http://shop.ieee.org/). 

 

8 
NFPA publications are available from Publications Sales, the National Fire Protection Association 1 Batterymarch Park, P.O. Box 

9101, Quincy, MA 02269-9101, USA. (http://www.nfpa.org/). 
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3. Definitions, acronyms, and abbreviations 

 

For the purposes of this recommended practice document, the following terms and definitions 

apply. The Authoritative IEEE Standards Dictionary Terms, Seventh Edition [B1],4 should be referenced 

Online should be consulted for terms not defined in this clause.9 

 

 

3.1 Definitions 

 

acceptance test: A capacity test made on a new battery to determine whether it meets 

specifications or manufacturer’s ratings. 

 

cell: The basic electrochemical unit, characterized by an anode and a cathode used to receive, 

store, and deliver electrical energy. 

 

container: A receptacle or vessel that holds the plates, electrolyte, and other elements of a single 

cell or multi-cell unit in a battery. 

 

freshening charge: A charge given to a battery following its nonuse or storage in order to return 

it to a near maximum state of charge and to mitigate the effects of self-discharge. 

 

internal ohmic measurements: The A measurement of either the internal electronic and ionic 

conduction paths within a cell or unit expressed in terms of impedance, conductance, or resistance 

of battery cells/units. 

 

 

9 
IEEE Standards Dictionary Online subscriptions are available at 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 

 

4 The numbers in brackets correspond to those in the bibliography in Annex A. 
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local action: Internal losses of a cell caused by localized chemical reactions producing currents 

between different parts of a plate. See also: self-discharge. 

 

module: Multiple cells or multi-cell units in a single assembly. 

 

overcharge: Any charge input above that which is necessary to attain or maintain a fully charged 

state. 

 

recombinant cell: Pseudonym A cell characterized by the recombination of internally generated for 

oxygen recombination. (IEEE Std 1189-1996).and suppression of hydrogen gas evolution to limit 

water consumption. 

 

series-parallel connection: A battery arrangement in which individual cells or groups of series-

connected cells, or both, are connected in parallel. 

 

terminal connection (battery): External connections made between cells/units, or at the positive 

and negative terminals of the battery, which may include terminal plates, cables with lugs, and 

connectors. 

 

unit (or module): Multiple cells in a single container. 

 

valve-regulated lead-acid (VRLA) cell: A cell that is sealed with the exception of a valve that 

opens to the atmosphere when the internal gas pressure exceeds atmospheric pressure by a 

preselected amount. VRLA cells provide a means for recombination of internally generated oxygen 

and the suppression of hydrogen gas evolution to limit water consumption. 

 

 

3.2 Acronyms and abbreviations 

 

AGM  absorbed glass mat 
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MSDS  material safety data sheet 

 

PPE  personal protective equipment 

 

VRLA  valve-regulated lead-acid 

 

 

4. Safety 

 

4.1 General 

 

As with other batteries, VRLA batteries there are potentially dangerous andhazards associated 

with VRLA batteries; therefore, proper precautions must shall be observed in handling and 

installation. Work on batteries shall be performed only by knowledgeable personnel with proper 

safe training, proper tools, and personal protective equipment. (PPE). Reference IEEE Std 1657 for 

additional information.
10

 

 

A job hazard analysis shall be conducted prior to starting any task. This should include a discussion 

with all personnel about all the hazards associated with the planned work. The discussion needs to 

include required PPE. The primary hazards include potential exposure to a thermal event, electrical 

shock, arc flash, and chemicals (electrolyte). Lifting and handling hazards may also exist. 

 

The manufacturer’s material safety data sheet (MSDS) shall be consulted for associated hazards 

and first aid. 

 

 

 

 

10 
Information on normative references can be found in Clause 2. 
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Every battery installation needs to be evaluated for potential hazards. The arc flash analysis shall be 

accomplished during the initial design and installation. Information concerning these risks should be 

documented, and the information shall be posted and/or reside with the battery installation. Annex 

G can be used to help assess these hazards 

 

 

4.2 Electrical hazards 

 

Because batteries are a means for storing electrical energy, any work associated with batteries or 

battery systems must be considered work on energized electrical circuits or systems. Local codes 

or regulations may establish rules on approach boundaries, insulation of tools, and/or PPE and 

should be consulted prior to the start of work. 

 

CAUTION 

 

When making electrical connections on batteries, use recommended best practices, appropriate 

PPE, and caution to ensure that direct shorting of the battery does not occur. 

 

This can generate large amounts of instantaneous short-circuit current and arc flash. 
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4.2.1 Shock hazard 

 

The threshold for shock hazard can vary from one locale to another, depending on the standard 

being enforced there. Systems at or below 50 V nominal (including all 48 V systems) are not 

considered to be shock hazards in the National Electric Code® (NEC®) (NFPA 70) and in NFPA 

70E. The NFPA 70E handbook and IEC/TR 60479-5 standard [B2] both state that the current and 

voltage thresholds for physiological effects are at least twice the value for dc as compared to ac.
11 

Both IEC/TR 60479-5 and NFPA 70E set the touch voltage threshold at 100 V. Electrically rated 

gloves should be available for grounded batteries between 50 V and 100 V, based on a shock hazard 

analysis, unless otherwise mandated by local regulations. For grounded batteries over 100 V and 

for locations where exposed potentials over 100 V are within reach of personnel, insulated gloves 

with appropriate voltage ratings shall be worn. 

 

 

4.2.2 Ground fault detection 

 

Ground fault detection may be required on some batteries depending on the type of grounding 

utilized. Table 1 identifies several of the most common grounding methods. 

 

 

 

 

 

 

11 
Numbers in square brackets correspond to the number in the bibliography in Annex A. 
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Table 1 — Use of ground fault detection with grounded and ungrounded 

systems 

 

Grounding 

methoda,b 
Description 

Ground fault 

detection 

Type 1 Ungrounded system; neither pole is connected to ground. Recommended 

Type 2 Solidly grounded system; either the most positive or the most 

negative pole of the battery is connected directly to ground. 

Not required 

Type 3 Resistance grounded dc system; the battery is connected to ground 

through a resistance. 

Recommended 

Type 4 Solidly grounded system; the battery is connected to ground at 

either the center point or another point to suit the load system. 

Recommended 

 

a For personnel safety reasons, it is necessary to understand what type of grounding system is being used. Not all grounding 

methodologies require ground fault detection. Unintended grounds (for example, dirt or electrolyte creating a conductive path to 

the battery rack) can create a short circuit with the potential to cause a fire. 

 

b Grounding types, their grounding mechanisms, and their respective need for ground fault detection are identified in NFPA 70E. 

 

 

4.2.3 Arc flash hazard 

 

NFPA 70E, 2012, identifies arc flash hazards for dc voltages above 100 V. Arcs of more than a few 

inches are unsustainable for dc voltages under 600 V. Therefore, the risk of an arc flash is reduced on 

a battery if there is at least 305 mm (12 in) of space between potentials over 100 V. While arc flash 

hazards are not identified for dc voltage below 100 V in NFPA 70E, 2012, there have not been 

documented cases of arc flash injuries for dc voltages under 100 V. As an example, arc welding 

utilizes voltages up to 80 V with no risk of arc flash. While an arc can be created for voltages down 

to a few volts, the injuries are related to the thermal effects, which are discussed in 4.4. 
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For situations where the spacing is below 305 mm (12 in), the risk can be reduced if the exposed 

parts are protected and personnel have arc flash training. 

 

For work around batteries at or below 100 V nominal, no arc flash PPE is required. 

 

For batteries above 100 V nominal, the risk for arc flash hazards needs to be assessed. Annex G 

can be used to assist with this assessment. A typical dc system has several potential hazards. To help 

mitigate the personnel risks, everyday work clothing specified by NFPA 70E is recommended: 

 

― Arc-rated long-sleeve shirt (minimum arc rating of 35 kJ/m
2 (8 cal/cm

2
) 

 

― Arc-rated pants (minimum arc rating of 35 kJ/m
2 (8 cal/cm

2
) 

 

Follow local codes, regulations, and manufacturer’s‖instructions. 

 

 

4.3 Chemical hazards 

 

The electrolyte in a VRLA battery is a dilute solution of sulfuric acid and water. The electrolyte is 

immobilized generally utilizing an absorbed glass mat (AGM) or gelling material. However, 

damaged cells can potentially leak small amounts of electrolyte. Spill containment may not be 

required (see IEEE Std 1578™ [B6]), but follow local codes, regulations, and manufacturer’s 

instructions regarding the quantity of neutralizing agent that should be kept on hand (typically 

enough to neutralize the amount of electrolyte in a single cell or multi-cell container). Contact the 

manufacturer for the recommend neutralizing agent (typically a solution of baking soda and water). 

 

Contact with eyes or mucus membranes shall be avoided when handling battery cells or units. 

Contact of electrolyte with skin should be avoided. Acid resistant gloves or clothes are 

recommended for personnel protection. 
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Handling electrolyte may be required when dealing with an acid leak. Also, in rare occasions, 

electrolyte may be required to be handled when hydrating cells. 

 

If electrolyte is being handled, the appropriate PPE as listed in 4.6 shall be utilized. 

 

Safety glasses are always required when in the vicinity of a battery. Also, portable eye wash devices 

(e.g., bottles with pH buffered saline solution) should be readily accessible when personnel are in 

the vicinity of the battery. 

 

Refer to the MSDS. Follow local codes, regulations, and manufacturer’s‖instructions. 

 

 

4.4 Thermal hazards 

 

Batteries have a significant amount of stored energy, which can be released quickly if a short to the 

battery occurs. If activities will be performed where an arc may occur, hand protection should be 

provided with adequate thermal properties. In cases where arc flash hand protection is already 

utilized, additional protection for thermal hazards are not required. 

 

 

4.5 Lifting and handling hazards 

 

Because VRLA batteries can contain significant amounts of lead, weight may be a concern. PPE 

lifting tools and techniques appropriate to the task shall be used to prevent muscle strain or injury. 

See Annex F on material handling. 
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4.6 Personal protective equipment (PPE) 

 

Although VRLA cells can vent or leak small amounts of electrolyte, electrical safety is At a 

minimum, the principal, but not the only, concern for safe handling. The following equipment for 

safe handling of the battery containers and protection of personnel shall be available: 

 

a) Safety glasses with side shields, or goggles, or face shields, as appropriate 

 

b) Appropriately maintained eye wash devices (e.g., bottles with pH buffered saline 

solution) or stations that should be readily accessible when handling and connecting 

batteries in accordance with ANSI 358.1 

 

c) Acid neutralizing agent 

 

d) Insulated tools that are rated and tested for the maximum line-to-line voltage (1000 V 

minimum) upon which work will be done and that are manufactured and tested in 

accordance with ASTM F1505 

 

e) Lifting devices appropriate to the task, when required 

 

f) Electrically rated gloves where a shock hazard exists (see 4.2.1) 

 

g) Arc rated shirt and pants (minimum arc rating of 35 kJ/m2 (8 cal/cm2) for systems over 

100 V nominal (see 4.2.3) 

 

h) Proper arc flash PPE where an arc flash hazard exists (see 4.2.3) 

 

i) Acid resistant apron 

 

j) Safety shoes with acid resistant soles 
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